Accelerated  Insertion  of 
Materials  -  Composites 


C.R.  Saff 
N  for  the 

Innovative  Design  Workshop 
Hampton,  VA 
March  2004 


Approved  for  Public  Release;  Distribution  Unlimited 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

2004 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

A  New  Way  to  Design  Composite  Structures 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS (ES) 

Boeing 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS  (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

uu 

18.  NUMBER 
OF  PAGES 

28 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Acknowledgements 


N 


AVj^A  I  R 


Jointly  accomplished  by  a  Boeing  Led  Team  and  the  U.S.  Government  under 
the  guidance  NAVAIR 

Work  funded  by  DARPA/DSO  and  administered  by  NAVAIR  through 
TIA  N00421 -01 -3-0098 

With  Thanks  for  the  support  of  Dr.  Leo  Christodoulou  of  DARPA/DSO 
Also: 

Gail  Hahn  (PM),  Charley  Saff  (DPM),  &  Karl  Nelson  (DPM)  -  Boeing  Corp. 

AIM-C  Team  -  Boeing  (St.  Louis,  Seattle,  Canoga  Park,  Philadelphia), 
Northrop  Grumman,  Materials  Sciences  Corporation, 

Convergent  Manufacturing  Technologies,  Cytec  Fiberite,  Inc, 

Massachusetts  Institute  of  Technology,  Stanford,  American  Optimal 
Decisions  &  NASA-Langley 


Approval  for  Public  Release;  Distribution  Unlimited 


What  is  AIM-C? 
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AIM-C  is  a  methodology  for  accelerated  insertion  of  materials 
into  defense  structures  at  reduced  costs. 


This  methodology  develops  a  design  knowledge  database 
that  links  what  is  known  about  a  material  system  to 
what  is  needed  in  order  to  qualify  its  application  to  an 
application  that  meets  certification  requirements 

It  allows  rapid  identification  of  which  applications  are 

too  risky  and  which  are  not. 


It  uses  verified  analysis  methods,  existing  test  data,  and 
lessons  learned  from  previous  experience  to  minimize  the 
amount  of  data  required  to  insert  new  materials  into  a  system 

with  confidence 
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What  Does  AIM-C  Do? 
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Replaces  the  Conventional,  Sequential  Building  Block  Approach  to  Insertion 
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Key  Features  Article  is  the  Key  to  Acceleration 
It  is  the  Focus  of  Development  Activities 
It  Eliminates  Rework 
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How  Does  AIM-C  Accelerate  Insertion? 

-  Focuses  on  Real  Insertion  Needs  (Designer  Knowledge  Base) 

-  Identifies  the  Necessary  IPT  and  provides  IPT  with  Readiness  Level  Status 

-  Coordinates  Use  of 

•  Existing  Knowledge 

•  Validated  Analysis  tools 

•  Focused  Testing 

-  Provides  Access  to  the  Latest  Physics  Based  Material  &  Structural  Analysis 
Methods 

-  Uses  Integrated  Engineering  Processes  &  Simulations 

-  Uses  Uncertainty  Analysis  and  Management 

•  Focuses  on  Early  Feature  Based  Readiness  Demonstration 

•  Tracks  of  Variability  and  Error  Propagation  During  Scale  Up 

Provides  Orchestrated  Knowledge  Management  to 
efficiently  tie  these  elements  to  the  Design  Knowledge  Base 
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How  Do  I  Use  AIM-C? 
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Web-Based  System  Delivery 


AIM-C  TMhnoJ&gy  RtaeUr-its-s  Summary 
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Process  Guidance  and 
Risk  Reduction  Status 


AIM-C  Contains 
Analytical  Models 
From  Constituents 


To  Processing  To  Effects  of  j0  structural  Reqs. 

Defects 

To  Provide  Analysis 
Supported  by  Test 
To  Technology 
Readiness 
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What’s  the  Benefit  of  AIM-C? 


Traditional  Test  Supported  by  Analysis  Approach 


Time  to  Insertion  Readiness 

AIM  Provides  an  Analysis  Approach  Supported  by 
Experience,  Test  and  Demonstration 
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The  Approach 
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Integrated  Modelinq/Simulation 

And  Data  Analysis  Tools 


Optimized  Building  Block  Approach 


Application 

Requirements 


Trade 

Studies 

Design 

Features 

Supplier 

Offerings 

Manufact. 

Features 

Target 

Properties 

Key  Features 
Fab  &  Test 

Allowables 

Development 


Full  Scale 
Fab  &  Test 


Risk  Reduction 
Fab  &  Test 


Technology  Readiness  Levels 


Approval  for  Public  Release;  Distribution  Unlimited 


The  AIM-C  Process  Uses  the  IPT  to 
Commit  Data  to  the  DKB 


All  functions  contribute  -  All  receive  data  from  the  DKB 
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AIM  Allows  the  IPT  to  Track  and  Plan 
Progress  Toward  Successful  Insertion 
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Technology  Readiness  Levels 
Differ  in  Focus 

Technology  Developers  See  TRLs  Focused  on  That  Development 
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Application  Developers  See  TRLs  Focused  on  Insertion  Into  Their  Products 
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AIM  Developed  TRLs  Focused  on  Insertion  but  Linked  Technology  and  Application 

Developers  Into  One  Team 
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At  Each  Step  Each  Discipline  Follows 
A  Defined  Process  for  Knowledge  Committal 
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AIM-C  Links  Requirements  from  the 
System  to  the  Technology  / Material 
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Structural  Certification 
Requirements  Are 
Addressed  Here:  FARs, 
JSSG,  etc 
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Conformance  Planning 
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AIM-C  Helps  the  IPT  Plan  Its  Maturation  Process 
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Knowledge  Gathering 


Technology  Readiness  Levels 
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The  Same  Linkage  Used 
To  Flow  Down  Requirements 
Is  Used  to  Roll  Up  Knowledge 
And  Track  Progress  as 
Designer  Knowledge  is 
Gathered. 
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Conformance  Assessment 
Data  from  Knowledge,  Analysis,  and  Test 
-  Design  Values  with  Uncertainty 
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•Existing  Data  with  replicates  =>  can  estimate  design  values  (quantities  and 
confidence  bands) 

•RDCS  allows  simulation  of  physical  data  with  sources  of  randomness  including 
batch  effects  (aleatory  or  random  uncertainty)  =>  can  simulate  design  values. 

•Combined  data:  design  values  with  uncertainty  bands 
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analysis  based 
properties 
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confidence  band.  This  is  the 
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AIM  Allows  the  IPT  to  Track  Progress 
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w  AIM  Has  Assembled  a  Web-Based  System 
to  Help  the  IPT  Apply  the  Process 


Done  Local  intranet 
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How  Do  Materials  Engineers  Use  AIM-C? 
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AIM-C  Helps  Monitor  Conformance  to  Requirements 
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How  Does  Manufacturing  Use  AIM-C? 


AIM-C  Helps  Identify  Analysis  Tools  to  Guide  Fabrication 
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How  Do  Structures  Engineers  Use  AIM-C? 


I  R 


Jitne  +  n3 


.0Q350C 


.003033 


.00280C 


.002566 


.002333 


.00210C 


.001866 


.001633 


.00140C 


.001166 


.000933 


.00070C 


.00046o 


.000233 


.oooooc 


From  Full  FEM 
to  Segments 


Segments  to 
Elements 


NODAL  SOLUTION 

SUB  =1 
TIME=1 

EPTOl  (AVG) 
TOP 

DMX  =.061729 
SMX  =.001285 


(g}L0£F£WJV£f 


AN 

AUG  4  2003 
09:39:19 


Fed  Back  to  FEM 
For  Verify  Satisfaction 
Of  Requirements 


1230  lb/in  (Comp) 

7* 


80  lb/in  (Comp) 


230  lb/in  (Shear) 

"L 

Loadcase  3  ^  » 


Static  Subcase,  Strain  Tensor,  -  1st  Invariant,  Maximum, 27  of  3. 


.571E-03  . 857E-03  .001142 

I8E-03  .714E-03  .999E-03  .001285 


Details  to 
Effects  of 
Defects 


default_Fringe : 

Max . 002459  @Nd  16456 
Min -.000303  @Nd  16140 


Elements  to 
Details 

AIM-C  Helps  Plan  the  Maturation  Process 
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How  Does  AIM-C  Assess  Strength  ? 

Detailed  3D  FEA  of  complex  structures 
combined  with  simple  strain-based  failure  criterion 
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How  Does  AIM-C  Assess  Durability? 
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The  AIM-C  System  Uses  These  Tools  to 
Produce  a  DKB  That  Meets  Certification  Requirements 
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Robust  Design  Computational  System 

Wide  Variety  of  Error  Propagation  and  Uncertainty  Analysis  Tools 


A  Domain  Independent  Comprehensive  Tool  Set  to  Analyze  the  Design  Space 
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AIM-C  Three  Step  Validation  Approach 
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